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EDITORIAL. 


Our readers will note that in this issue the now 
familiar outer cover and advertisement supple- 
ment which have been a feature of the Journal 
for the past twenty years have been dispensed 
with. This has been necessitated by the ever 
increasing exigencies of paper rationing and our 
desire to give the maximum number of technical 
articles in each issue within the limits of the 
paper made available. 


The development of the modern steam turbine 
to its present state of high efficiency owes much 
to metallurgical research carried out both by 
metallurgists and turbine designers. In the first 
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article in this issue Mr. F. J. Cowlin discusses 
some of the physical properties of materials used 
in the construction of steam turbines with 
particular reference to the effect of high tempera- 
tures and prolonged stresses on those materials. 
The article goes on to discuss some of the limita- 
tions governing long-time creep tests and illustra- 
tions of the equipment used for such tests are 
included. The Author then briefly describes the 
photo-elastic method of stress analysis, and 
interesting coloured illustrations are reproduced 
which show photo-elastic tests on turbine blade 
roots. 


The next article describes the conversion to 
electrical drive of an important steel works in 
Australia. The equipment supplied by the 
Company included a Blooming Mill Motor of 
21,000 (peak) H.P., and a Rail Mill Motor of 
19,000 (peak) H.P., together with the IIlgner 
Convertor equipment and Control Gear for each 
of the motors. A notable feature was the rapidity 
with which the changeover from steam to electric 
drive was carried out. 


The concluding article gives brief particulars 
of a new and very interesting electric locomotive 
which recently has successfully completed its 
technical trials on the Southern Railway. This 
locomotive is equally suitable for hauling heavy 
goods or fast passenger trains. The electrical 
equipment of the locomotive incorporates a 
special feature in its design which enables it to 
continue to exert a drawbar pull when passing 
over gaps in the conductor rail at junctions and 
crossings. 
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The Physical Properties 
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of Materials for Steam 


Power Plants. 


By F. J. COWLIN, A.M.1.Mech.E., A.M.I.Mar.E. 


(Abstract from the Presidential Address to the Rugby Engineering Society, 1941-42.) 


Among the most important considerations with 
which an engineer has to deal are the properties 
of the materials which are available for his 
particular purpose, and the rapid developments 
which have taken place in connection with steam 
power plants during the last 20 or 30 years have 
led to rather different conceptions of the nature 
of these properties from those previously held. 

It is the object of this article briefly to review 
some of these changes in the light of present 
knowledge so that the position will be clarified 
and a truer perspective obtained of the path 
along which future work and research might 
proceed. 

It is well known that the efficiency of any heat 
engine is controlled by the ratio between the 
temperature at which heat is taken in, and that 
at which it is rejected, and it is the persistent aim 
of the power plant engineer in his quest for higher 
efficiency to lower the temperature of heat 
rejection and increase the temperature of heat 
reception. In the case of the steam cycle under 
consideration, the temperature at which heat is 
rejected is that of the condenser circulating 
water, which is dependent upon site conditions 
and cannot be varied at will. 

The temperature at which heat is received into 
the cycle can, however, be fixed arbitrarily by 
adjusting the boiler conditions, and the develop- 
ment of the steam cycle has consequently been 
accompanied by continual increases of the total 
initial steam temperature. 

These increases in temperature have led to a 
marked change in the attitude of the engineer to 
the available materials of construction, particu- 
larly where they are subjected to the maximum 
steam temperature as in the boiler superheater, 
the steam piping, and the steam inlet portions of 
the steam turbine. 

The materials normally employed for these 
parts with temperatures up to, say, 700 degs. F. 
are cast or forged carbon steels, and as long as 
temperatures did not exceed this limit, the 
criteria employed for determining the permissible 
stress under working conditions were the physical 
properties of the materials at room temperature. 
The working stress was variously fixed at some 
fraction of the breaking strength of the material, 


its so-called yield point or the limit of propor- 
tionality. 

The values of these physical properties based 
on short-time tests, however, vary considerably 
as the temperature rises, and Fig. 1 shows typical 
variations of the principal properties plotted on 
a temperature base. It will be noticed how 
rapidly the ultimate strength falls away above 
certain temperatures. 

A further property of great importance since 
it affects the stiffness of a structure, namely, the 
Modulus of Elasticity, also varies appreciably 
with temperature as shown in Fig. 2, and in 
steam turbine practice this variation must be 
taken into account in determining the critical 
speeds of the turbine rotors. 

In the higher temperature ranges, however, the 
above properties do not truly disclose the probable 
breaking strength of a material in service since it 
has long been known that a test piece which will 


60 
oO 
z Ne, 
” 
40 
w 
\ 
30 
<x 
= 
\ \ 
2 20 \ 
& 10 
ul 
> 

0 

0 250 500 750 1000 4250 


TEMPERATURE °F. 
Fig. 1.—Curves showing preperties of steel at elevated 
temperatures. (Full line = ultimate tensile strength ; 
dotted line = yield point.) 
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Fig.’ 2.—Variation in modulus of elasticity with 
temperature for steel. 


sustain a certain load for a few minutes will fail 
under a much lower load if this is maintained for 
a longer period. 

The physical process causing this failure is:a 
slow deformation or flow of the metal now referred 
to as “creep,” and its effect becomes more and 
more important as the temperature rises, until 
under certain conditions it becomes the pre- 
dominating consideration. The general nature 
of the phenomenon is well illustrated by Fig. 3, 
which shows an ideal schematic family of curves 
suggested by MacVetty to represent the way in 
which total deformation would vary with time 
were the results of very long-time tests available. 
Long-time tests in this sense mean tests of 100,000 
or even 200,000 hours duration, or in other words, 
tests lasting from 10 to 20 years. 

The curves can be assumed to show from bottom 
to top increasing increments of stress at any 
fixed temperature or equally well increasing 
temperatures at any one load. 

It will be seen from the curves that the total 
deformation may be divided broadly into four 
stages, the first of which is the elastic deformation 
occurring as soon as load is applied. Stage 2 is 
characterised by a rapid rate of increase of 
deformation which decreases with time until in 
Stage 3 a uniform rate is attained. This in the 
fourth or last stage is succeeded by a rising rate 
which, if allowed to continue, will lead to excessive 
deformation and ultimate failure. 

The designer is consequently faced with a 
four-dimensional relationship between stress, 
temperature, total deformation and time, and 
the question immediately arises as to whether 
there is a limiting stress-temperature, relation 
below which deformation or creep does not 
increase with time. As far as the author is aware 
no definite answer can yet be given to this 
question, and in an attempt to supply one, 
Dr. Hatfield of the Brown-Firth Laboratories, 
has put in hand an interesting experiment. 

A strip of cold-worked austenitic steel was put 
under test in 1929 under a stress of 25 tons/sq. in. 
In 1939 or ten years later it was reported that no 
extension on an 8 in. gauge length could be 
detected although the measuring apparatus was 
capable of detecting extensions of 1/40,000 of an 
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inch. This means that if creep is proceeding is 
is doing so at a rate of less than 4 x 10-" inches 
per inch per hour. 

Whatever the final results of this experiment, 
which will be of considerable academic interest, 
it can be said quite definitely that the stresses 
imposed on materials subjected to the higher 
steam temperatures now commonly used must be 
kept below certain limits to ensure that the total 
deformation occurring during the life of the part 
in question is kept within the permissible limits 
fixed by its particular purpose or duty. 

Steam turbine engineers usually demand that 
turbine discs shall not stretch more than 0°1 per 
cent. during a life of 100,000 hours, and this is 
equivalent to a creep rate of one hundredth of 
one millionth of an inch or 10-§ inches per inch 
per hour. On the other hand, much greater 
deformations can be allowed on steam piping or 
boiler tubes and a usual figure for these items is 
ten times the above or 10-? inches per inch per 
hour. In both cases these figures are based on the 
assumption that the rate of creep remains 
constant during the life of the plant. 

The problem of selecting suitable materials to 
withstand predetermined stresses at particular 
temperatures with these very small deformations 
requires great care. It is not surprising, therefore, 
that notwithstanding the vast amount of experi- 
mental work which has been carried out during 
recent years on the creep properties of materials, 
particularly ferrous alloys, much of which has 
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Fig. 3.—Schematic Creep Curves (MacVetty). 
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Fig. 4.—Diagram of Creep Testing Unit. 
(Reproduced by courtesy of the Director, National Physical 
Laboratory. Crown copyright reserved.) 


been described in a vast and growing literature 
on the subject, the reliable information available 
is exceedingly scanty. It might consequently be 
of interest to consider some of the principal 
reasons for this position. 

In the first place the total deformation to be 
measured is extremely small, a 0-1 per cent. 
deformation being only about 
half of the 0-2 per cent. per- 
manent deformation usually 
employed in room temperature 
tests of the yield point. The 
thermal expansions of steel com- 
pared with creep deformations 
are very great. Further, the 
tests to be reliable must be car- 
ried out over long periods with 
the test-piece maintained at a 
high temperature, and this tem- 
perature must be kept constant 
within very close limits. An 
increase in temperature of 1° F. 
may increase the creep rate by 
10 per cent., or in other words, 
a rise of 10° F. may halve the 
service life as deduced from such 
tests. 

Under these conditions it will 
be appreciated that elaborate 
testing equipment is essential 
and Fig. 4 shows a diagram of a 
creep testing unit used at the 
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National Physical Laboratory for tensile tests. 
The specimen is loaded by means of the lever 
and weights shown, and kept at constant tem- 
perature by means of an automatically controlled 
electric furnace surrounding it. Extremely 
accurate optical apparatus is used to measure the 
very small deformations already referred to. 

In view of the time factor involved, the 
compilation of data by the use of only one such 
machine is exceedingly slow, and Fig. 5 shows 
the batteries of creep machines now installed at 
the N.P.L. for creep testing purposes. 

This laboratory, which is 50 ft. square, has 
double walls and windows and is maintained at 
72° F. with a maximum variation above or below 
this temperature of 14° F. 

Fourteen of the forty tensile testing machines 
measure to 10-6 strain and others to 10°° or 
10-4 strain. 

Creep relaxation machines and equipment for 
the study of creep under combined tension and 
torsion are also available. 

The difficulties of maintaining and operating a 
large number of machines has been overcome by 
MacVetty in the U.S.A. by the production of a 
single test plant in which twelve test bars can 
be used simultaneously, each bar comprising five 
test pieces so that sixty tests at any given 
temperature may be carried out simultaneously. 
A sectional arrangement of this unit is shown in 
Fig. 6, and an illustration of one of the six units 
installed by the Westinghouse Co. in their 
Pittsburgh Laboratory is reproduced in Fig. 7. 

The general lay-out of this laboratory is 
clearly illustrated in Fig. 8, from which it will be 
clear that the provision and maintenance of a 
laboratory for creep testing involves considerable 


Fig. 5.—Batteries of Creep Testing Machines at the National Physical 


Laboratory. 


(Reproduced by courtesy of the Director, National Physical Laboratory. 


Crown copyright reserved ) 


123 
} 
| 
AEN 

| 
i 

| 
| 
| 


THE ENGLISH ELECTRIC JOURNAL 


a-~ 


le 


Fig. 6.—Sectional Arrangement of Multiple Creep 
Testing Machines. 


(Reproduced by courtesy of the Westinghouse Electric and 
Manufacturing Company.) 


financial commitments. 

A further difficulty encountered during creep 
testing has been that specimens of material 
having the same chemical analysis have been 
found to possess materially different creep rates. 
It is now considered that this is due to varying 
metallurgical structures, such as grain size, but 
the laws connecting grain structure and creep 
properties are far from clear and are still under 
investigation. There is also evidence to show 
that at the temperatures under consideration the 
structure of the material changes with time and so 
affects the creep properties of the original material. 

Whilst this remains the position as far as 
straight carbon steels are concerned, it is not 
surprising that the effect of alloying elements is 
still in dispute. Knowledge on this aspect of the 
subject is still scanty although sufficient evidence 
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has been collected to show that the effect of 
molybdenum, and to a lesser extent tungsten and 
vanadium, is so powerful that it swamps all other 
variables and makes itself evident. 

The improved creep properties of alloy steels 
are, however, subject to the further consideration 
that all these steels tend to fail by intercrystalline 
cracking at much lower elongations than a plain 
carbon steel. For instance, microscopic labora- 
tory tests have detected intercrystalline cracking 
in the very commonly used 0°5 per cent. molyb- 
denum steel with elongations between | per cent. 
and 2 per cent., so that it would be unsafe in 
practice to use this class of steel if, during the 
life of the plant, the total deformation exceeded 
a fraction of this figure. A plain carbon steel 
could safely be used with ten times the deforma- 
tion allowed on an alloy steel were this possible 
from a dimensional standpoint. 

The mass of data on creep already published 
has been mentioned and one of the difficulties of 
co-ordinating this is the varying technique 
employed in testing. The bulk of the German 
and Russian work has been based on accelerated 
tests and cannot be reconciled with the long-time 
testing carried on by some twelve American 
laboratories and three or four in this country. 
It appears that useful co-relation could be 
enhanced by the establishment of a universal 
testing code, such as that tried out*by the’Joint 
Committee of the A.S.T.M. and A.S.M.E. 


Fig. 7.—-Multiple Creep Testing Machine installed at 
the Pittsburgh Laboratory of the Westinghouse Company. 
(Reproduced by courtesy of the Westinghouse Electric and 
Manufacturing Company.) 
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Fig. 8.—Creep Testing Laboratory. 


(Reproduced by courtesy of the Westinghouse Electric and Manufacturing Company.) 


The difficulties associated with long-time creep 
testing have led to the introduction of various 
short-time tests, but just as there is no co-relation 
between long-time creep tests and short-time 
high-temperature tensile tests, so short-time 
tests such as the Hatfield “ time yield ” test, or 
the Bar-Bardgett test cannot give the final creep 
data required. This, however, does not imply 
that such tests are not valuable, as it would 
appear that once a steel has been produced 
having definite creep resistance characteristics, 
the short-time tests would be extremely useful in 
identifying steels having the same characteristics, 
provided their manufacturing history and heat 
treatment had been held closely to that of the 
original sample. 

All the tests so far referred to have been 
simple tensile tests and it is possible that torsion 
or shear tests might possess advantages but the 
technique of such tests is not yet on a sure 
footing, and the indications are that they will be 
no less tedious and expensive. 

Before leaving the subject a further matter 
which principally concerns the designer, may be 
referred to. 

During the course of years a system of analy- 
tically predetermining the stresses on machinery 
parts has been built up, the whole or parts of 
which are familiar to all engineers. This system 
is based on the assumption that the materials 
used are perfectly homogeneous and elastic, and 
that, in consequence, the distribution of stress 
throughout a member may be determined. Now 
it has been shown that under creep conditions 
the material actually flows, and so to a certain 
extent loses its assumed properties of elasticity 
with the result that the distribution of stresses 
previously assumed no longer holds and to 
enable the designer to handle his materials with 
the same confidence as before, it will be necessary 
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to build up a modified theory, 
taking this new factor into 
account. 


Most engineering structures 
are, however, subjected to com- 
pound stresses and this compli- 
cates the issue since practically 
no experimental data is available 
to enable the effect of creep 
under compound stress to be 
determined. In building up any 
modified theory it is therefore 
necessary at present to rely only 
on existing data relating to ten- 
sile stress and to premise rela- 
tions between this condition and 
the conditions under compound 
stress. 


Fortunately a little considera- 
tion will show that the normal 
effect ‘of creep is to produce a 
redistribution of stress through- 
out a member in a more uniform manner than 
would occur under the elastic theory and so 
reduce the value of the maximum stress calcu- 
lated on the latter basis. 

The effect will be clearly seen from Fig. 9, 
which shows the estimated values of the tangential 
and radial stresses in a turbine wheel. The full 
line curves show the stresses calculated on the 
usual elastic theory and the dotted lines the 
corresponding stresses calculated on a modified 
theory based on existing creep test data. 

It will be seen from the foregoing remarks, 
brief as they have been, that what is in effect a 
new field of engineering science has been opened 
up which will provide scope for the combined 
work of chemists, metallurgists, steel makers and 
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Fig. 9.—Curves showing stresses in Turbine Disc under 
elastic and creep conditions. 
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engineers for some considerable period before a 
completely satisfactory position is reached on 
our knowledge of the behaviour of metals under 
creep conditions. The present position, where 
extrapolation from tests of from 1,000 to 3,000 
hours have to be carried out tenfold to service 
lives of 100,000 hours or longer, leaves much to 
be desired, but is at present the only method 
open to workers in this interesting and useful field. 

The foregoing very brief review of the state 
of our knowledge regarding the behaviour of 
metals at high temperature and of our available 
methods of determining the working stresses 
under creep conditions leads naturally to some 
similar considerations relating to metals at 
ordinary temperatures, 

One of an engineer’s primary problems when 
designing any new type or size of machine 
is to determine not only the magnitude of the 
maximum stress which will be imposed on its 
various members, but the distribution of stress 
throughout that member. The present methods 
of analytical investigation, whilst being indis- 
pensable, fall lamentably short of the engineer’s 
requirements in the latter respect. An example 
of this kind is provided by a problem which has 
to be solved by all turbine designers, namely, the 
method by which the turbine blading shall be 


Figs. 10 and 11.—Photo-elastic Tests on Turbine Blade Roots. 


secured to the revolving wheels. The develop- 
ment of the steam turbine has been accompanied 
by the introduction of a large number of different 
types of blade fixing, the primary object of 
which has been to utilise the material of the blade 
root and wheel head to the maximum advantage 
and so produce a connection of ample strength 
and at the same time relieve the superimposed 
blade load on the wheels. These blade root 
constructions do not lend themselves to stress 
analysis by the usual analytical methods, but the 
photo-elastic method is particularly applicable, 
and Figs. 10 and 11, prepared from a test made 
in the Company’s Turbine Research Department, 
provide interesting examples of the additional 
information which it is possible to obtain by this 
method. 

The technicalities of photo-elastic phenomena 
are too involved to be dealt with in this brief 
reference to the subject, but the following short 
explanation of the method used may be of 
interest. 

In 1816 Sir David Brewster discovered that 
when a transparent isotropic material is stressed 
it becomes doubly refracting so that when 
examined by polarised light with a suitable 
optical arrangement, colour effects are seen, the 
effects at any one point being*dependent on the 
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stress at that point. Sir David himself used 
glass, but in recent times when materials such as 
celluloid, resin compounds, etc., which can be 
readily manipulated, became available, the study 
of stress distribution by photo-elastic methods 
has been highly developed, notably by Professor 
Coker. 

If a specimen of a transparent isotropic 
material is stressed, then the stresses in any 
plane perpendicular to the direction of light may 
be resolved into two principal stresses at right- 
angles to each other. Plane-polarised light 
falling on the specimen is resolved into two 
components, polarized in the directions of the 
principal stresses. 

Each of these component waves is retarded in 
passing through the specimen, the actual retarda- 
tion being proportional to the stress, so that there 
is a relative retardation between the waves 
emerging from the specimen which is proportional 
to the difference between the principal stresses. 
It is the interference occasioned by the relative 
retardations mentioned which produces the colour 
effects. 

A stressed specimen under examination by 
plane-polarised light will thus show a series of 
colour bands or isochromatic lines. At any point 
on any one band the difference between the two 
principal stresses will be the same, increasing 
values of this quantity being from red through 
the spectrum to blue. 

A second effect is the production of dark bands 
or patches called isoclinic lines, which are useful 
in determining the directions of the principal 
stresses at any point. 

With suitable refinements in method and 
measuring instruments, it is possible to obtain 
quantitative results as faras the specimen is con- 
cerned, but how far this is useful in practice 
depends upon the degree to which the specimen 
reproduces the actual problem under consideration, 
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It will be clear, however, that the information 
regarding stress distribution throughout a loaded 
structure which can be obtained by this method 
provides a useful addition to that provided by 
ordinary analytical methods. 

In this short article it has not been possible to 
deal with a number of other important factors 
which influence the choice of materials for power 
plant construction. At high temperatures, for 
instance, most steels are subjected to an oxidation 
or scaling process when exposed to high pressure 
steam or furnace gases, and the choice of alloying 
elements is governed to a certain extent by this 
phenomenon as well as their effect upon the 
increase in creep strength. 

Again, fatigue plays an increasingly important 
role in determining the stresses which may be 
imposed on a number of a power plant’s compo- 
nents, particularly the portions of the prime 
movers which rotate at high speeds and are 
consequently subjected to reversals of stress at 
high frequencies. This aspect of the subject is 
now well understood following the lengthy 
researches of Wohler, Reynolds and Smith, 
Stanton and Bairstow, and subsequent investi- 
gators, some of whose work dates back to the end 
of the 19th century. Failure by fatigue, however, 
becomes increasingly important with high speed 
machinery and particularly where vibrating 
conditions arise which may produce resonance 
phenomena in various parts. 

Although the foregoing remarks have been 
primarily concerned with materials used for 
steam power plants, they are equally applicable 
to materials used for other purposes under 
relevant conditions, and show how necessary 
it is for the Engineer to be well informed regarding 
the results of modern physical and metallurgical 
research, if consistent reliability is to be main- 
tained under the more stringent conditions 
imposed on most present-day machinery. 


Electrification of the Blooming and Rail Mills in an 
Australian Steel Works. 


(Abstract from the B.H.P. Review of an article by A. H. Kinley, Chief Electrical Engineer at 
a steel works of The Broken Hill Proprietary Company, Limited, where the plant he describes 
is installed.) 


BLOOMING MILL. 
TYPE OF DRIVE. 


The blooming mill is a two-high reversing mill 
having 36 in. pinions, and was originally driven 
by a 42 in. x 60 in. twin-cylinder horizontal 
non-condensing back-geared reversing mill engine, 
working from a maximum steam pressure of 
160 Ibs. per square inch. 


As it is proposed to increase the mill from a 
35 in. x 80 in. toa 40 in. * 96 in. mill at a later 


stage, electrical drive equipment suitable for a 
40 in. mill is installed. 

The blooming mill—the most important steel 
works’ mill—performs the first stage of the rolling 
process in that it rolls the original ingots received 
from the open hearth department, via _ the 
soaking pits, into blooms or plate slabs of suitable 
size for re-rolling by the smaller mills into 
finished products. 

A reversing mill of this description requires a 
driving unit that will run at a low entry speed, 
accelerate quickly to any speed within its range, 
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de-celerate in the mini- 
mum time to the best 
exit speed and rapidly 
reverse ready for the 
next pass, 

When it is considered 
that the total weight of 
the rotating parts of the 
mill and motor is approx- 
imately 212 tons, and 
this weight has to be 
accelerated, de-celerated 
and reversed thirteen 
times a minute, and in 
the thirteen passes roll a 
length of 210 ft. of 
steel in breaking down a 
23 in. x 20 in. x 6 ft. 
8 in. ingot to a 9 in. x 
8in. x 35 ft. 6 in. bloom, 
some idea is obtained of 
the horse-power needed 
and the degree of speed 
control required. 

The Ilgner system, 
which is very 
widely for the electrical 
drive of reversing mills, 
was adopted and details 
of the actual units 
installed in the motor room are given below. 


Main Mitt Motor. 


The blooming mill main mill motor is a 7,000 
H.P. 1,300-volt reversing direct current motor, 
arranged for Ward Leonard control up to a base 
speed of 50 r.p.m., and for field weakening 
control up to 120 r.p.m. 

The total weight of the motor is 190 tons. 

Owing to the low speed of rotation and the 
frequent reversal, the usual oil rings cannot be 
relied upon, so forced lubrication is adopted. 
When uncoupled from the mill and with the oil 
pressure on the bearings the 79-ton armature 
can be turned by hand. 

Adequate ventilation of the motor is another 
difficulty introduced due to the low speed and 
reversing requirements. Forced ventilation by 
means of booster fans is provided to take away 
the heat generated in the motor windings. 

The motor is direct-coupled to the rolls through 
the pinion housing, and is capable of exerting a 
momentary peak of 21,000 H.P. Fig. 1 illus- 
trates the motor erected in the motor room. 


FLYWHEEL Motor GENERATOR SET. 

To convert the Works 6,600- volt, 3-phase, 
25 cycles alternating current supply to the direct 
current supply required by the main mill motor, 
a 6-unit, 445/495 r.p.m. motor-generator set is 
installed. This motor-generator set consists of 
four 1,500 kW. 650-volt direct current generators, 
direct-coupled to a 5,000 H.P. slipring induction 
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Fig. 1.—Blooming Mill Motor Room, showing in foreground Main Mill Motor—part of 
Motor Generator in background and section of Exciter Set (left) and Circulating Fan 


on right. 


motor, and a 14 ft. diameter, 50-ton flywheel 
having a stored energy of 200,000 H.P.-seconds 
to equalise the load on the power house. The 
motor-generator set weighs 155 tons, and has an 
overall length of 64 ft. 

Fig. 2 shows the rail mill flywheel motor- 
generator set which, with the exception of the 
flywheel, is a duplicate set. 


Stator CONTROL CUBICLE AND Liqutp SLIP 
REGULATOR. 


The power supply to the 5,000 H.P. motor of 
the motor-generator set is taken through the 
stator control and metering cubicle, which houses 
all the necessary instruments and_ regulator 
control devices. A liquid slip regulator is installed 
to control the speed of the motor. 

This portion of the equipment, together with 
the flywheel, gives the Ilgner control—the princi- 
ple being that when the load of the motor- 
generator set motor exceeds the setting of the 
regulator control device, the regulator operates 
in a direction to lower the speed of the motor 
generator set. In falling to this lower speed, the 
flywheel gives out its stored energy and takes the 
balance of the load. 

Thus, with a regulator setting of 5,000 H.P. 
and a 20,000 H.P. peak load on the main mill 
motor, the flywheel would release 15,000 H.P. for 
a short time, and only 5,000 H.P. would be drawn 
from the power house. The energy is auto- 
matically restored in the flywheel between passes. 
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The rail mill rolls the blooms 
received from the blooming mill 
into billets or sheet bar slabs for 
the 18 in. continuous billet and 
sheet bar mill, or into shapes 
or sections of relatively heavy 
weight per foot. 

A three-high mill of this type 
requires a driving unit similar to 
that described for the blooming 
mill, with the exception that it 
does not normally reverse. How- 
ever, provision for reversing under 
emergency conditions is provided. 

As the steel (i.e., the bloom) 
entering the rail mill is of smaller 
cross sectional area, but of longer 
length, than the ingots entering 
the blooming mill, a higher roll 
speed is required in the former 
than in the latter. 


The electrical equipment for 
the main drive of the rail mill is 


Fig. 2.--Rail Mill Motor Room, showing Motor-Generator Set in background similar to that of the blooming 


and Exciter Set in foreground. 


ExcirER SETS AND CoNnTROL CUBICLES. 


A smaller but a very important unit is the 
exciter set. This set consists of a 440-volt squirrel- 
cage motor driving three direct-coupled exciters. 
These small exciters are in effect small direct 
current generators, the fields of which are con- 
trolled by the mill driver while the armatures 
supply the field currents of the main mill motor 
and the four generators. By this means the 
control of machines totalling 40,000 H.P. is 
brought to a single lever, operating a controller 
which, although only handling a maximum of 
24 amperes, controls a load of 13,000 amperes. 

The actual operation of the controller (which 
is located in the mill pulpit) is quite simple, as 
the speed of the motor follows the position of the 
lever, i.e., the lever right forward gives full speed 
in a forward direction, the middle position is 
zero speed, and the lever pulled back gives speed 
in the reverse direction. 

A set of instruments indicating the speed and 
load on the mill motor is located in the mill 
pulpit for the guidance of operators. 

Fig. 2 shows the exciter set for the rail mill 
motor room. The blooming mill exciter set” is 
similar to this set. 


RAIL MILL. 
TYPE oF DRIVE. 


The rail mill is a three-high mill, having 30 in. 
pinions, and was originally driven by a 42 in. x 
60 in. twin-cylinder horizontal non-condensing 
direct-connected mill engine, working at a 
maximum steam pressure of 160 Ibs. per square 
inch. 


mill, i.e., the Ilgner system is 

used, but the main mill motor 
is fof ‘slightly smaller horse-power and has a 
higher speed. 


Martyn Mitt Moror. 


The rail mill main mill motor is a 6,700 H.P., 
1,300-volt, direct current motor, arranged for 
Ward Leonard control up to a base speed of 
82°5 r.p.m. and for speed control by field 
weakening up to 160 r.p.m. 

The total weight of the motor is 134 tons. 
Forced lubrication and ventilation are also pro- 
vided on this motor. 

The motor is direct-coupled to the rolls through 
the pinion housing, and is capable of exerting a 
momentary peak of 19,100 H.P. 

The flywheel motor-generator set, with the 
exception of the flywheel, which has a stored 
energy capacity of 120,000 H.P.-seconds, is ‘a 
duplicate of the blooming mill set. 

The stator control cubicle and liquid slip 
regulator, the exciter set and control cubicles are 
essentially similar to those installed in the bloom- 
ing mill motor room. 


Hicu-TENsIon SwWITCHBOARDS. 


The incoming 6,600-volt electric power supply 
from the power house to each motor room is fed 
through a metalclad H.T. switchboard to the 
various high-tension units in the motor room. 
This switchboard is of the horizontal drawout 
type, and incorporates busbars. 


Low-TENSION SUPPLY. 


To provide a low-tension 440-volt supply for 
the motors driving motor room auxiliaries, a 
500 kVA. transformer is provided for each motor 
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Fig. 3.—Rail Mill main Mill Motor erected in motor room. 


room. Both transformers are installed in an 
outdoor structure adjacent to the blooming mill 
motor room. 

Enclosed-type low-tension switchboards are 
installed in each motor room, and provide power 
for the exciter set, air booster fans for the mill- 
motor, air-circulating fans, make-up air fans, mill- 
motor oil pumps, oil pumps for flywheel and 
motor-generator set. 


VENTILATION OF Motor Rooms. 


Dust and high temperatures are enemies of all 
electrical equipment. A steel works atmosphere 
contains a large proportion of metallic dust which 
is injurious to the insulation of the 
machines. 

In order to eliminate as much dust as 
possible, a circulating system incorpora- 
ting air coolers was adopted. In this 
system, the cooled air from the motor 
room basement is drawn into the pits, 
under the machines, and forced through 
the machines into the motor room, absorb- 
ing the heat from the machines during its 
passage through them. Circulating fans 
mounted in the motor room floor then 
draw the hot air from the motor room 
and force it through air coolers into the 
basement, reducing it to the desired tem- 
perature. 

The advantage of this system is that 
only a small percentage of air—called the 
make-up air drawn from outside 
the motor room. This “ make-up air,” 
which is required to make up air leakages 
irom the system and to keep the air 


fresh, is drawn through 
automatic viscous-type 
air filters by the ‘‘ make- 
up air” fans. 

Another advantage of 
the system is that the 
motor room is maintain- 
ed at a slightly higher 
pressure than the outside 
atmospheric air, and this 
tends to prevent the 
entry of dust. 


Bioomina 
CONSTRUCTION. 


To avoid any delay in 
changeover to electric 
drive, the blooming mill 
motor was located out- 
side the steam engine 
foundations,and all other 
motor room equipment 
located in _ positions 
enabling them to be 
installed with the steam 
drive in operation. 

With the exception of the mill motor armature, 
which was received by rail on July 24, 1939, the 
remainder of the first shipment was received at 
the Steel Works on July 22, and transferred to 
railway trucks for transport to the motor room. 
The heavier lifts were off-loaded from the trucks 
directly into the partially completed motor room. 
The last shipment containing the control cubicles 
was received on August 24. 

The steam drive was shut down at midnight on 
September 3, and the installation of the connect- 
ing shaft was proceeded with immediately. The 
mill started up with electric drive at 11 a.m. on 
September 4, a changeover time of only 11 hours. 


Fig. 4.—Generator and Motor control cubicle. 
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Ratt MILL Construction. 

All the electrical equipment was located in 
positions enabling it to be installed with the 
steam drive in operation. Owing to a portion 
of the steam engine having to be dismantled and 
the foundations altered to take the intermediate 
bearing on the connecting shaft, a longer change- 
over period was necessary for this mill. The 


The illustrations reproduced in Figs. 1 and 2 
show the general appearance of the first of these 
locomotives, which has now successfully com- 
pleted its technical trials on the Southern Railway, 
and we give below some preliminary information 
about this interesting unit. 

It is capable of hauling heavy goods or fast 
passenger trains when supplied with power from 
a third rail at 600 to 660 volts direct-current. 
On goods service the locomotive will accelerate a 
train of 1,000-tons at 0°3 miles-per-hour-per second 
and attain a balancing speed of 33 miles-per-hour 
on a level track. In passenger service, with a 
train of 420-tons, the acceleration is 0.48 mph. 
per second and the balancing speed 61.5 mph. 

The general particulars are as follows :— 

Type... C.C. 
Weight 99.55 tons. 
Length over buffers 56 ft. 9 in. 
Total horse-power 1,710 
Maximum safe speed ... 75 mph. 
Maximum tractive effort 45,000-Ibs. 

The locomotive embodies many new and novel 
features, one of these being the method of control 
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erection of the electrical equipment was completed 
before any favourable opportunity for the actual 
changeover arose. 


The steam drive was shut down at 8 a.m. 
on Sunday, December 24, and the mill started 
up on electric drive at 4 p.m. on Wednesday, 
December 27, 1939. 


Southern Railway Locomotive for Universal Operation. 


of the traction motors. Control is of the dynamic 
type, that is, by rotating machines instead of 
the usual series resistances, and all combinations 
of speed and tractive effort are obtainable by 
bucking or boosting the voltage in the traction 
motor circuits. For this purpose motor-booster 
sets are provided and so arranged that on starting 
the train practically zero volts exist across the 
traction motors and smooth notching up to 
full-speed is available. When running at full- 
speed the voltage applied to the motors is boosted 
to almost double the supply voltage. Thus, the 
three motors in series on each circuit can operate 
efficiently on any voltage up to 1,200 and meet 
all demands ranging from large tractive effort to 
high speed. 

The master controllers in the two driving cabs 
operate on the fields of the boosters and progres- 
sion from start to full-speed is made through 
26-notches, each one being a running notch and 
capable of continuous use. 

To provide the different characteristics required 
for fast passenger service and heavy goods the 
motors are designed with a wide range of field 


Fig. 1——The Southern Railway passenger and freight traffic electric locomotive C.C.1. 
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Fig. 2.—The locomotive running technical trials on a 14-coach semi-fast passenger train. 


control. For the heavy traffic they operate with 
full-field characteristic and for fast passenger 
running the field can be weakened by means of a 
field control switch. 

The rotating machines which are used for this 
control are fitted with flywheels to augment the 
store of kinetic energy, and this energy is available 
to maintain current in the motor circuits and their 
tractive effort during short interruptions to the 
supply. In service short interruptions to the 
power supply to the locomotive are frequent, 
due to the gaps in the third-rail system. These 
gaps, which exist at crossings and cross-overs, 
are in many places too long to be spanned by the 
collector shoes of a locomotive. The kinetic 
energy of the flywheel sets can also be utilised 
in the event of a locomotive being stopped in a 
gap, and under these conditions the driver can 
start the train by utilising the flywheel energy 
which is sufficient to move the heaviest train out 
of the longest gap. The motors of these sets are 
supplied with current from the line and arranged 
to start up automatically by a push-button 


located on the control desk of each driving cab. 


The six traction motors, mounted three on each 
bogie, are of standard type, nose-suspended and 
axle-hung, with single-reduction gears, and are 
force-ventilated by fans coupled to the motor- 
booster sets. 


Current is collected from the live rails by four 
pairs of collector shoes in parallel and delivered 
to the traction motors through the motor booster 
sets. In addition, a pantograph is provided to 
enable the locomotive to undertake shunting 
duties in sidings fitted with overhead contact 
wires. 

The complete locomotive was designed to 
meet the specification of Mr. Alfred Raworth, 
M.Inst.C.E., Chief Electrical Engineer of the 
Southern Railway, and the electrical equipment 
was built at one of The English Electric Company’s 
Works. The mechanical portions of the locomo- 
tive were built by Mr. O. V. Bulleid, M.I.Mech.E., 
Chief Mechanical Engineer of the Southern 
Railway, in the Company’s Ashford Works. 
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THE PRODUCTS OF 
THE ENGLISH ELECTRIC 


COMPANY LIMITED 


DISTINGUISHED BY SERVICE 


GENERATING PLANT FOR STEAM, WATER OR OIL POWER 


Complete Power Stations of any size. Steam Turbines and Turbo-alternators. Surface Condensers. Horizontal 
and Vertical Water Turbines and Alternators. Diesel and Fullagar Oil Engines. Alternators and D.C. Generators 
for all forms of drive. High-tension D.C. Generators for Radio Transmitting Stations. 


ELECTRIC TRACTION AND TRANSPORT 


Complete Electric Traction Systems. Electric Locomotives. Electric Motor-coach stock. Diesel-electric and Diesel- 
mechanical stock. Motors and Control Equipment for Railway or Road Vehicles. Battery Locomotives. Industrial 
Locomotives for all services. Rail Cars. Electric Tramcars. Electric Trolleybuses. Tramcar Bodies and Trucks. 
Bodies for Trolleybuses, Omnibuses and Coaches. 


ELECTRICAL EQUIPMENT FOR MARINE PURPOSES 


Diesel-electric and Turbo-electric Equipments for ship propulsion. Diesel-electric and Turbo-electric Generating 
Sets for ship’s auxiliaries. Motors for auxiliary drives. 


TRANSMISSION SYSTEMS, SWITCHGEAR AND CONTROL 


Complete Indoor or Outdoor Switching Stations. Oil Circuit-breakers of highest breaking-capacities. De-ion Grid 
Contacts for Arc Control. Metalclad Switchgear. High-rupturing-capacity Fuse Units. Transformers of any output, 
voltage and type. Booster Transformers. Induction Regulators. Arc Suppression Coils. Current-limiting Reactors. 
Arc Furnace Transformers. Flameproof Transformers. Machine Tool Lighting Transformers. Radio Transformers. 
Hand-lamp Transformers. Instrument Transformers. 


SUB-STATIONS AND CONVERTING PLANT OF ALL KINDS 


E.H.V. and L.V. Switchgear of all types. Automatic Switching Equipments. Fuse Gear. Mercury-Arc Rectifiers, steel- 
tank and steel-bulb types. Rotary Convertors. Motor Convertors. Motor-Generators. Synchronous Condensers. 
Frequency Changers. 


ELECTRIC POWER EQUIPMENT FOR ALL INDUSTRIES 


Specialists in electric drives and the complete electrification of :—lron and Steel Works. Non-ferrous Metal Works. Arc 
Welding Shops. Collieries, Quarries and Mines every description. Brickyards. Cement Works. Sewageand Irrigation 
Works. Dockyards. Engineering Shops. Chemical Factories. Dye-works. Glass Works. Rubber Mills. Cotton, 
Wool, Silk and Jute Mills. Pulp and Paper Mills. Breweries. Sugar, Tea and other Food Factories. Farms and Dairies. 
A.C. and D.C. Motors and Control Gear in units from ;; H.P. to 20,000 H.P. to meet all modern conditions of 
Starting Torque, Power Factor Correction, etc. 


DOMESTIC AND ALLIED APPLIANCES 


Fractional Horsepower Motors. Electric Cookers and heavy-duty Electric Cooking Equipment. Electric Fires. Electric 
Water Heaters. * Electric Washing Machines. Small Domestic Appliances (Electric Irons, etc.). House Service Meters 
(Quarterly and Prepayment types). 
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